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(54) INK JET RECORDING HEAD AND INK JET RECORDER 

(57) Abstract: 

PROBLEM TO BE SOLVED: To protect a contact part against crack, breakage, or the like, due to concentration of stress 
without sacrifice of displacement efficiency. 

SOLUTION: The ink jet recording head comprises a plurality of pressure generation chambers 12 communicating with a 
nozzle opening, and a piezoelectric element 300 including at least a lower electrode 60, a piezoelectric layer 70, and an 
upper electrode 80 fomned in a region corresponding to the pressure generation chamber 12a. Displacement of a 
piezoelectric actuator is increased by locating the joint of the piezoelectric element 300 and a lead electrode 100 for applying 
a voltage to the piezoelectric element 300 in a region facing a channel communicating with the pressure generation chamber 
12 except the region facing the pressure generation chamber 12. 
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[Claim(s)] 

[Claim 1] In the ink jet type recording head in which the piezoelectric device which contains a bottom electrode, a piezo 
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electric crystal layer, and an upper electrode at least was fomied to the field corresponding to two or more pressure 
generating rooms which are open for free passage to a nozzle orifice, and this pressure generating room The ink jet type 
recording head characterized by being prepared in the passage which the connection of the Read electrode for impressing 
an electrical potential difference to said piezoelectric device and the piezoelectric device concerned opens for free passage 
in said pressure generating rooms other than the field which counters said pressure generating room, and the field which 
counters. 

[Claim 2] The ink jet type recording head characterized by being prepared in the field to which it is open for free passage at 
the edge distant from said nozzle orifice of said pressure generating room, and has the narrow section with either [ at least ] 
width of face or the depth smaller than the pressure generating room concerned, and the free passage section which is open 
for free passage in said pressure generating room through the narrow section concerned in claim 1 . and the connection of 
said piezoelectric device and said Read electrode counters said free passage section. 

[Claim 3] In claim 2, the width of face of said narrow section is formed more narrowly than that of said pressure generating 
room. Said upper electrode is formed independently for every field which counters said pressure generating room more 
narrowly than the width of face of the pressure generating room concerned. And the ink jet type recording head characterized 
by being formed so that the part prepared in the field which counters said free passage section through the narrow Read 
section prepared in the part which counters said narrow section may be followed. 

[Claim 4] In claim 2, the width of face of said narrow section is formed more narrowly than that of said pressure generating 
room. Said upper electrode is formed independently for every field which counters said pressure generating room more 
narrowly than the width of face of the pressure generating room concerned. And it is formed so that the part prepared in the 
field which counters said free passage section through the narrow Read section prepared in the part which counters said 
narrow section may be followed. The ink jet type recording head characterized by fomiing said piezo electric crystal layer in 
the field which counters said pressure generating room corresponding to said upper electrode, and installing it by 
abbreviation same width of face to the field corresponding to said narrow section and said free passage section. 
[Claim 5] In claim 2, the width of face of said narrow section is formed more narrowly than that of said pressure generating 
room. Said piezo electric crystal layer and said upper electrode are formed independently for every field which counters said 
pressure generating room more narrowly than the width of face of the pressure generating room concerned. And the ink jet 
type recording head characterized by being formed so that the part prepared in the field which counters said free passage 
section through the narrow Read section prepared in the part which counters said narrow section may be followed. 
[Claim 6] The ink jet type recording head characterized by setting they being [ any of claims 3-5 ], and forming in R 
configuration the boundary section with the part of the field which counters said Read section formed in narrow, and the part 
and said free passage section of the field which counters said pressure generating room. 

[Claim 7] It is the ink jet type recording head which sets they to be [ any of claims 2-6 ], and is characterized by said free 
passage section consisting of common passage which said each pressure generating room is alike, respectively, and is open 
for free passage through said each narrow section. 

[Claim 8] The ink jet type recording head characterized by setting they being [ any of claims 1-7 ], and forming in the top face 
of said upper electrode the insulator layer which has an aperture into the part corresponding to said connection with said 
Read electrode at least. 

[Claim 9] The ink jet type recording head to which said insulator layer is characterized by being formed with organic materials, 
such as silicon oxide, silicon nitride, or polyimide, in claim 8. 

[Claim 10] The ink jet type recording head characterized by setting they being [ any of claims 1-9 ], and forming said 
piezoelectric device on the elastic membrane formed on the passage formation substrate which formed said pressure 
generating room. 

[Claim 1 1] The ink jet type recording head characterized by setting they being [ any of claims 1-10 ]. forming said pressure 
generating room in a silicon single crystal substrate of anisotropic etching, and forming each class of said piezoelectric 
device by membrane formation and the lithography method. 

(Claim 12] The ink jet type recording device characterized by providing which ink jet type recording head of claims 1-11. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 
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[Field of the Invention] This invention fomris a piezoelectric device in a part of nozzle orifice which carries out the regurgitation 
of the ink droplet, and pressure generating room open for free passage through a diaphragm, and relates to the ink jet type 
recording head and ink jet type recording device which make an ink droplet breathe out with the variation rate of a 
piezoelectric device. 
[0002] 

[Description of the Prior Art] A part of nozzle orifice which carries out the regurgitation of the ink droplet, and pressure 
generating room open for free passage are constituted from a diaphragm, and two kinds are put in practical use by the ink jet 
type recording head which makes this diaphragm transfomn by the piezoelectric device, and the ink of a pressure generating 
room is pressurized [ recording head ], and makes an ink droplet breathe out from a nozzle orifice although the piezoelectric 
device used what used the electrostrictive actuator in the longitudinal-oscillation mode elongated and contracted, and the 
electrostrictlve actuator in the flexurally oscillating mode in.which a piezoelectric device bends for shaft orientations. 
[0003] The former can change the volume of a pressure generating room by making the end face of a piezoelectric device 
contact a diaphragm, and while manufacture of the head suitable for high density printing is possible, a piezoelectric device 
is made in agreement with the array pitch of a nozzle orifice, the difficult process of carving in the shape of a ctenidium, and 
the activity which positions the piezoelectric device which was able to be carved in a pressure generating room, and is fixed 
are needed, and it has the problem that a production process is complicated. 

[0004] On the other hand, the green sheet of piezoelectric material is stuck according to the configuration of a pressure 
generating room, a certain amount of area is needed for a diaphragm at the comparatively easy process of calcinating this, 
on the relation using flexural oscillation of what can fix a piezoelectric device, and the latter has the problem that a high 
density array is difficult. 

[0005] On the other hand, that it should cancel un-arranging [ of the latter recording head ], what fonned the piezoelectric 
device so that might continue on the surface of [ whole ] a diaphragm, a uniform piezoelectric-material layer might be formed 
with a membrane formation technique, this piezoelectric-material layer might be can/ed into the configuration corresponding 
to a pressure generating room by the lithography method and it might become independent for every pressure generating 
room is proposed so that JP,5-286131 ,A may see. 

[0006] There is an advantage it not only can fix a piezoelectric device by the simple technique of the lithography method 
precisely, but that the activity which sticks a piezoelectric device on a diaphragm becomes unnecessary according to this, 
and can make thickness of a piezoelectric device thin and a high-speed drive is attained. In addition, the electrostrictive 
actuator corresponding to each pressure generating room can be driven by preparing only an upper electrode for every 
pressure generating room at least, preparing a piezoelectric-material layer on the surface of [ whole ] a diaphragm in this 
case. 

[0007] In the recording head which used the electrostrictive actuator in such deflection mode, the Read electrode for 
supplying the electrical potential difference for driving the electrostrictive actuator corresponding to each pressure generating 
room is prepared corresponding to each pressure generating room. 
[0008] 

[Problem(s) to be Solved by the Invention] However, as mentioned above, it is easy to generate big stress by the drive of an 
electrostrictive actuator, and the connection (henceforth, contact section) of the piezoelectric device and the Read electrode 
corresponding to each pressure generating room has the problem that there are a crack and a possibility that destruction 
may occur. 

[0009] Moreover, since the Read electrode is connected, the variation rate by electrical-potential-difference impression 
becomes small as compared with other parts, but since compliance is not small as compared with other parts, the contact 
section has the problem of bringing about a regurgitation rate fall and a driver voltage rise. 

[0010] Especially these pose a problem, when a piezoelectric-material layer is formed with a membrane fonnation technique. 
That is, the piezoelectric-material layer formed with the membrane formation technique is very thin, and is because rigidity is 
low as compared with what stuck the piezoelectric device. 

[001 1] Let it be a technical problem for this invention to offer the ink jet type recording head and ink jet type recording device 
which can prevent the crack by the stress concentration in the contact section, destruction, etc., and can prevent the 
displacement degradation of the contact section in view of such a situation. 
[0012] 

[Means for Solving the Problem] Two or more pressure generating rooms which the 1st mode of this invention which solves 
said technical problem opens for free passage to a nozzle orifice. In the ink jet type recording head in which the piezoelectric 
device which contains a bottom electrode, a piezo electric crystal layer, and an upper electrode at least was formed to the 
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field corresponding to this pressure generating room The connection of the Read electrode for impressing an electrical 

potential difference to said piezoelectric device and the piezoelectric device concerned is in the ink jet type recording head 

characterized by being prepared in the passage which is open for free passage in said pressure generating rooms other than 

the field which counters said pressure generating room, and the field which counters. 

[001 3] In this 1 st mode, since it is fomned in addition to the field where the connection of the Read electrode and a 

piezoelectric device counters a pressure generating room, the amount of displacement of an electrostrictive actuator can be 

enlarged. 

[0014] The 2nd mode of this invention is open for free passage in the 1 st mode at the edge distant from said nozzle orifice of 
said pressure generating room. The narrow section with either [ at least ] width of face or the depth smaller than the pressure 
generating room concerned, It has the free passage section which is open for free passage in said pressure generating room 
through the narrow section concerned, and the connection of said piezoelectric device and said Read electrode is in the ink 
jet type recording head characterized by being prepared in the field which counters said free passage section. 
[0015] In this 2nd mode, since the connection with the Read electrode is formed in the location which counters the free 
passage section currently opened for free passage through the narrow section with the pressure generating room, there is 
almost no deformation in a connection, and while destruction of the piezo electric crystal layer near the connection etc. is 
avoided, there is no effect of the displacement fall by the connection. 

[0016] In the 2nd mode, the width of face of said narrow section is narrower than that of said pressure generating room, and 
the 3rd mode of this invention is formed. Said upper electrode is fomried independently for every field which counters said 
pressure generating room more narrowly than the width of face of the pressure generating room concerned. And it is in the 
ink jet type recording head characterized by being fomied so that the part prepared in the field which counters said free 
passage section through the narrow Read section prepared in the part which counters said narrow section may be followed. 
[0017] In this 3rd mode, destruction of a piezo electric crystal layer etc. can be avoided and the variation rate of the pressure 
generating room can be effectively carried out without making the piezo electric crystal layer of the narrow section and the 
free passage section produce stress concentration, even if it carries out electrical-potential-difference impression through the 
Read electrode. 

[0018] In the 2nd mode, the width of face of said narrow section is narrower than that of said pressure generating room, and 
the 4th mode of this invention is formed. Said upper electrode is formed independently for every field which counters said 
pressure generating room more narrowly than the width of face of the pressure generating room concerned. And it is fonmed 
so that the part prepared in the field which counters said free passage section through the narrow Read section prepared in 
the part which counters said narrow section may be followed. Said piezo electric crystal layer is in the ink jet type recording 
head characterized by being formed corresponding to said upper electrode, and being installed by abbreviation same width 
of face to the field corresponding to said narrow section and said free passage section at said pressure generating room. 
[0019] In this 4th mode, in the field which counters the narrow section, since it is prepared to the location where a piezo 
electric crystal layer counters outside passage, especially, the variation rate of the piezo electric crystal layer in a boundary 
part with the narrow section, a pressure generating room, and the free passage section can be stopped further, and 
destruction of a piezo electric crystal layer is prevented further. 

[0020] In the 2nd mode, the width of face of said narrow section is narrower than that of said pressure generating room, and 
the 5th mode of this invention is formed. Said piezo electric crystal layer and said upper electrode are formed independently 
for every field which counters said pressure generating room more narrowly than the width of face of the pressure generating 
room concerned. And it is in the ink jet type recording head characterized by being formed so that the part prepared in the 
field which counters said free passage section through the narrow Read section prepared in the part which counters said 
narrow section may be followed. 

[0021] Although the piezo electric crystal layer is countered and prepared in a pressure generating room, the narrow section, 
and the free passage section in this 5th mode, even if it carries out electrical-potential-difference impression through the 
Read electrode, in the narrow section and the free passage section, a variation rate can hardly arise, and the variation rate of 
the pressure generating room can be carried out effectively. 

[0022] the 6th mode of this invention - which 3-5th voice - it sets like and is in the ink jet type recording head characterized 
by forming in R configuration the boundary section with the part of the field which counters said Read section formed in 
narrow, and the part and said free passage section of the field which counters said pressure generating room. 
[0023] Since the boundary section of the both ends of the Read section is considering as R configuration, it is further hard 
coming to generate a crack etc. in this 6th mode. 

[0024] The 7th mode of this invention has said free passage section in the ink jet type recording head characterized by 
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consisting of common passage which said each pressure generating room is alike, respectively, and is open for free passage 
through said each narrow section in which 2-6th modes. 

[0025] In this 7th mode, vibration near the connection by the electrical-potential-difference impression from the Read 
electrode can be prevented, and the crack initiation of a piezoelectric device etc. is controlled further. 
[0026] the 8th mode of this invention - which 1-7th voice - it sets like and is in the ink jet type recording head characterized 
by forming in the top face of said upper electrode the insulator layer which has an aperture into the part corresponding to 
said connection with said Read electrode at least. 

[0027] In this 8th mode, the insulation with an upper electrode and a bottom electrode and cutoff with atmospheric air are 
securable by preparing an insulator layer. 

[0028] The 9th mode of this invention has said insulator layer in the ink jet type recording head characterized by being 
formed with organic materials, such as silicon oxide, silicon nitride, or polyimide, in the 8th mode. 
[0029] In this 9th mode, an insulator layer can be easily formed according to a membrane formation process and a 
lithography process, for example. 

[0030] The 10th mode of thi$ invention has said piezoelectric device in the ink jet type recording head characterized by being 
formed on the elastic membrane formed on the passage formation substrate which fonned said pressure generating room in 
the 1-9th modes. 

[0031] In this 10th mode, elastic membrane is deformed by the piezoelectric device and the pressure of the pressure 
generating interior of a room changes. 

[0032] The 1 1th mode of this invention is in the ink jet type recording head characterized by forming said pressure generating 
room in a silicon single crystal substrate of anisotropic etching, and fomning each class of said piezoelectric device by 
membrane formation and the lithography method in which 1-1 0th modes. 

[0033] In this 1 1th mode, the ink jet type recording head which has the nozzle orifice of high density can be manufactured in 
large quantities and comparatively easily. 

[0034] The 12th mode of this invention is in the ink jet type recording device characterized by providing the ink jet type 
recording head of which 1-1 1th modes. 

[0035] In this 12th mode, the drive effectiveness of a head can improve and the Inkjet type recording device which can 

perform the ink regurgitation good can be realized. 

[0036] 

[Embodiment of the Invention] This invention is explained at a detail based on an operation gestalt below. 
[0037] Drawing 1 is the decomposition perspective view showing the ink jet type recording head concerning the operation 
gestalt 1 of this invention, and drawing 2 is drawing showing the cross-section structure in the longitudinal direction of the top 
view of drawing 1 , and its one pressure generating room, 

[0038] The passage formation substrate 10 consists of a silicon single crystal substrate of field bearing (1 10) with this 
operation gestalt so that it may illustrate. As a passage formation substrate 10, a thing with a thickness of about 150-300 
micrometers is used, and about 180-280 micrometers of things with a thickness of about 220 micrometers are usually more 
desirably suitable desirably. This is because an array consistency can be made high, maintairiing the rigidity of the septum 
between adjoining pressure generating rooms. 

[0039] One field of the passage formation substrate 10 turns into an effective area, and the elastic membrane 50 with a 
thickness of 1-2 micrometers which consists of diacid-ized silicon beforehand formed by thermal oxidation is formed in the 
field of another side. 

[0040] On the other hand, a nozzle orifice 1 1 , the pressure generating room 12, the narrow section 13, and the free passage 
section 14 are formed in the effective area of the passage formation substrate 10 by carrying out anisotropic etching of the 
silicon single crystal substrate. 

[0041] If anisotropic etching is immersed in alkali solutions, such as KOH, a silicon single crystal substrate here It is eaten 
away gradually and nothing, and (1 10) a field and the 2nd field (1 1 1) which makes the include angle of about 35 degrees 
appear the 1 st field (111) perpendicular to a field (1 1 0), this 1 st field (1 1 1 ), and the include angle of about 70 degrees. (110) 
It is carried out using the property in which the etching rate of a field (1 1 1) is about 1/180 as compared with the etching rate 
of a field. By this anisotropic etching, precision processing can be performed on the basis of depth processing of the shape 
of the 1 st two field (1 1 1 ) and a parallelogram formed by the two 2nd (111) slanting, and the pressure generating room 1 2 can 
be arranged to high density. 

[0042] The long side of each pressure generating room 12 is formed, and the shorter side is formed in respect of the 2nd 
(1 1 1) in respect of the 1st (1 1 1) with this operation gestalt. Each narrow section 13 which is open for free passage to the 
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opposite side, respectively is the width of face as the pressure generating room 12 with the free passage section 14 almost 
more nearly same than the pressure generating room 12 which is narrow and is open for free passage in this narrow section 
13 further, respectively in the nozzle orifice 1 1 of each pressure generating room 12. These pressure generating room 12, 
the narrow section 13, and the free passage section 14 are formed by etching until it penetrates the passage formation 
substrate 10 mostly and reaches elastic membrane 50, and these fonnation Is perfomied by etching of the same process. In 
addition, elastic membrane 50 is not invaded by the alkali solution which etches a silicon single crystal substrate. 
[0043] On the other hand, each nozzle orifice 1 1 which is open for free passage at the end of each pressure generating room 
12 is narrow from the pressure generating room 12, and the depth is also formed shallowly. That is, the nozzle orifice 1 1 is 
formed by etching a silicon single crystal substrate in the thickness direction to the middle (half etching). In addition, half 
etching is performed by adjustment of etching time. 

[0044] Here, the magnitude of the pressure generating room 12 which gives an expulsion-of-an-ink-droplet pressure to ink, 
the magnitude of the nozzle orifice 1 1 which carries out the regurgitation of the ink droplet, and the magnitude of the narrow 
section 13 which controls the outflow close of the ink of the pressure generating room 12 are optimized according to the 
amount of the ink droplet which carries out the regurgitation, regurgitation speed, and a regurgitation frequency. For example, 
when recording 360 ink droplets per inch, it is necessary to form a nozzle orifice 1 1 and the narrow section 13 with a 
sufficient precision with the flute width of dozens of micrometers. In addition, although [ this operation gestalt ] the depth of 
the narrow section 13 is the same as that of pressure generating room 12 grade, you may form shallowly by half etching like 
a nozzle orifice 1 1 , for example. 

[0045] Moreover, the free passage sections 14 are the common ink room 31 mentioned later and a junction room for 
connecting the pressure generating room 12 through the narrow section 13, and the ink supply free passage opening 21 of 
the closure plate 20 mentioned later here corresponds, and ink is supplied from the common ink room 31 through this ink 
supply free passage opening 21 , and is distributed to each pressure generating room 12. In addition, although the free 
passage section 14 is formed every pressure generating room 12, it may be good also as common passage which is open 
for free passage through the narrow section 13 in each pressure generating rooms 12 of all, and may make this free passage 
section act as the below-mentioned common ink room in this case with this operation gestalt. 

[0046] The closure plate 20 consists of crystallized glass with which the above-mentioned ink supply free passage opening 
21 was drilled and which thickness is 0.1 -1mm, and coefficient of linear expansion is 300 degrees C or less, for example, is 
2.5-4.5 [x1 0-6/degree C], In addition, the ink supply free passage opening 21 may be two or more slit [ A / of 1 which crosses 
each free passage opening 14 / slit hole 21] hole 21 B, as shown in drawing 3 (a) and (b). The closure plate 20 covers the 
whole surface of the passage formation substrate 10 extensively in respect of one side, and the duty of the back up plate 
which protects a silicon single crystal substrate from an impact or external force also achieves it. Moreover, on the other 
hand, the closure plate 20 comes out, and constitutes one wall surface of the common ink room 31 . 
[0047] The common ink room formation substrate 30 fomns the peripheral wall of the common ink room 31 , pierces the 
stainless plate of proper thickness according to nozzle numerical aperture and an expulsion-of-an-ink-droplet frequency, and 
is produced. With this operation gestalt, thickness of the common ink room formation substrate 30 is set to 0.2mm. 
[0048] The ink room side plate 40 consists of a stainless steel substrate, and constitutes one wall surface of the common ink 
room 31 from one field. Moreover, by forming crevice 40a in a part of field of another side by half etching, a thin wall 41 is 
formed in the ink room side plate 40, and the ink inlet 42 which receives the ink supply from the outside is further pierced and 
formed in it. In addition, a thin wall 41 is for absorbing the nozzle orifice 1 1 generated in the case of expulsion of an ink 
droplet, and the pressure which goes to the opposite side, and prevents that fonward [ unnecessary ] or negative pressure 
joins other pressure generating rooms 12 via the common ink room 31 . Although the ink room side plate 40 is set to 0.2mm 
and the part is used as the thin wall 41 with a thickness of 0.02mm with this operation gestalt in consideration of rigidity 
required at the time of connection between the ink inlet 42 and an external ink supply means etc., in order to omit formation 
of the thin wall 41 by half etching, it is good also as 0.02mm from the start in the thickness of the ink room side plate 40. 
[0049] On the other hand, with the effective area of the passage formation substrate 10, on the elastic membrane 50 of the 
opposite side, laminating formation is carried out in the process which thickness mentions [ thickness ] later with the bottom 
electrode layer 60 which is about 0.5 micrometers, and the upper electrode layer 80 which is about 0.1 micrometers 
mentions [ the piezo electric crystal film 70 which is about 1 micrometer, and thickness ] later, and the piezoelectric device 
300 is constituted. Here, a piezoelectric device 300 says the part containing the bottom electrode layer 60, the piezo electric 
crystal film 70, and the upper electrode layer 80. Generally, one electrode of the piezoelectric devices 300 is used as a 
common electrode, every pressure generating room 12, patterning of the electrode and the piezo electric crystal film 70 of 
another side is carried out, and they are constituted. And it consists of one of the electrodes and the piezo electric crystal film 
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70 by which patterning was carried out here, and the part which a piezo-eiectric distortion produces by impression of the 
electrical potential difference to two electrodes is called piezo electric crystal active section 320. Although the bottom 
electrode layer 60 considers as the common electrode of a piezoelectric device 300 and the upper electrode layer 80 is used 
as the individual electrode of a piezoelectric device 300 with this operation gestalt, it is convenient even if reverse [ in this ] 
on account of a drive circuit or wiring. In the case of which, the piezo electric crystal active section will be formed for every 
pressure generating room. Moreover, the diaphragm which a variation rate produces by the drive of a piezoelectric device 
300 and the piezoelectric device 300 concerned is set, and an electrostrictive actuator is called here. In addition, although 
elastic membrane 50 and the bottom electrode layer 60 act as a diaphragm, you may make it a bottom electrode layer serve 
as elastic membrane in the example mentioned above. 

[0050] Here, the process which forms piezo electric crystal film 70 grade on the passage formation substrate 10 which 
consists of a silicon single crystal substrate is explained, referring to drawing 4 and drawing 5 . 
[0051] As shown in drawing 4 (a), the elastic membrane 50 which oxidizes thermally the wafer of the silicon single crystal 
substrate used as the passage formation substrate 10 with about 1 100-degree C diffusion furnace first, and consists of 
diacid-ized silicon is formed. 

[0052] Next, as shown in drawing 4 (b), the bottom electrode layer 60 is formed by sputtering. As an ingredient of the bottom 
electrode layer 60, Pt etc. is suitable. The below-mentioned piezo electric crystal film 70 which this forms with the sputtering 
method or a sol-gel method is because it is necessary to make it calcinate and crystallize at the temperature of about 600- 
1000 degrees C under an atmospheric-air ambient atmosphere or an oxygen ambient atmosphere after membrane formation. 
That is, when conductivity must be able to be held under such an elevated temperature and an oxidizing atmosphere and 
PZT is especially used as piezo electric crystal film 70, as for the ingredient of the bottom electrode layer 60, it is desirable 
for there to be little conductive change by diffusion of PbO, and Pt is suitable for it from these reasons. 
[0053] Next, as shown in drawing 4 (c), the piezo electric crystal film 70 is formed. Although the sputtering method can also 
be used for membrane formation of this piezo electric crystal film 70, with this operation gestalt, spreading desiccation is 
carried out, the so-called sol which dissolved and distributed the metal organic substance at the solvent is gelled, and the so- 
called sol-gel method which obtains the piezo electric crystal film 70 which consists of a metallic oxide by calcinating at an 
elevated temperature further is used. As an ingredient of the piezo electric crystal film 70, when the ingredient of a titanic- 
acid lead zirconate (PZT) system uses it for an ink jet type recording head, it is suitable. 

[0054] Next, as shown in drawing 4 (d), the upper electrode layer 80 is formed. The upper electrode layer 80 can use many a 
metal, conductive oxides, etc., such as aluminum, Au, nickel, and Pt, that what is necessary is just a conductive high 
ingredient. With this operation gestalt, Pt is formed by sputtering. 

[0055] next, it is shown in drawing 4 (e) ~ as - each pressure generating room 12 ~ patterning of the upper electrode layer 
80 and the piezo electric crystal film 70 is performed so that it is alike, respectively, and it may receive and a piezoelectric 
device may be arranged. Although drawing 4 (e) shows the case where the same pattern as the upper electrode layer 80 
performs patterning for the piezo electric crystal film 70, as mentioned above, the piezo electric crystal film 70 does not 
necessarily need to perform patterning. When this uses the pattern of the upper electrode layer 80 as an individual electrode 
and an electrical potential difference is Impressed, it is only starting between each upper electrode layer 80 and the bottom 
electrode layer 60 which is a common electrode, and electric field are for not affecting other parts at all. However, since 
electrical-potential-difference impression big in order to obtain the same excluded volume in this case is needed, also as for 
the piezo electric crystal film 70, it is desirable to carry out patterning. Moreover, after this, patterning of the bottom electrode 
layer 60 is carried out, and an unnecessary part is removed. 

[0056] Subsequently, as shown in drawing 5 (a), the Insulator layer 90 Is formed so that the periphery section of the upper 
electrode layer 80 and the side face of the piezo electric crystal film 70 may be covered. Although the suitable ingredient of 
this insulator layer 90 is as having mentioned above, the photosensitive polyimide of a negative mold is used with this 
operation gestalt. 

[0057] Next, as shown in drawing 5 (b), aperture 90a is fomied in the part which counters each free passage section 14 by 
carrying out patterning of the insulator layer 90. This aperture 90a is for making connection with the Read electrode 100 and 
the upper electrode layer 80 which are mentioned later. 

[0058] Next, for example, after forming conductors, such as Cr-Au, on the whole surface, the Read electrode 100 is fonned 
by carrying out patterning. 

[0059] The above is a film formation process. Thus, after performing film fonmation, as shown in drawing 5 (c), anisotropic 
etching of the silicon single crystal substrate by the alkali solution mentioned above is performed, and pressure generating 
room 12 grade is formed. In addition, a series of film formation and anisotropic etching which were explained above form 



7 



much chips on one wafer at coincidence, and divide them after process tenninatlon every passage fomiation substrate 10 of 
one chip size as shown in drawing 1 . IVIoreover, sequential adhesion is carried out with the closure plate 20, the common ink 
room formation substrate 30, and the ink room side plate 40, and it unifies, and let the divided passage formation substrate 
1 0 be an ink jet type recording head. 

[0060] Thus, the constituted ink jet head Ink is incorporated from the ink inlet 42 linked to the external ink supply means 
which is not illustrated. The interior is filled with ink until it results [ from the common ink room 31 ] in a nozzle orifice 1 1 . 
Later, By impressing an electrical potential difference between the bottom electrode layer 60 and the upper electrode layer 
80 through the Read electrode 100, bending and making elastic membrane 50, the bottom electrode layer 60, and the **** 
body membrane 70 transform according to the record signal from the drive circuit of the exterior which is not illustrated The 
pressure in the pressure generating room 12 increases, and an ink droplet carries out the regurgitation from a nozzle orifice 
11. 

[0061] Here, the physical relationship of the contact section and the pressure generating room 12 which are the connection 
of the Read electrode 100 and the upper electrode layer 80 in this operation gestalt is shown to drawing 6 . 
[0062] As shown in drawing 6 , with this operation gestalt the piezo electric crystal film 70 and the upper electrode layer 80 
Patterning is carried out so that it may correspond to the configuration of the pressure generating room 12, the narrow 
section 13, and the free passage section 14 mostly. Each piezoelectric device 300 The mechanical component 320 located 
on the pressure generating room 12, and the Read section 321 located on the narrow section 13, Including the contact 
formation section 322 located on the free passage section 14, aperture 90a of the insulator layer 90 is fomned on the contact 
formation section 322, and it connects with the Read electrode 100 within this aperture 90a. That is, the contact formation 
section 322 which forms a connection with the Read electrode 100 is formed in the location which counters the free passage 
section 14 which does not counter the pressure generating room 12. 

[0063] Therefore, since it is formed in the passage which is open for free passage in the pressure generating room 12, and 
the field which counters without forming a connection with the Read electrode 100 in the location which counters the 
pressure generating room 12, as a result, the variation rate of the mechanical component 320 corresponding to the pressure 
generating room 12 becomes large, and the excluded volume in the pressure generating room 12 becomes large, and there 
is no fear, such as a crack by drive and destruction. 

[0064] Moreover, since the contact formation section 322 in which the connection with the Read electrode 100 was formed is 
formed in the location which counters the free passage section 14 with a comparatively small area, there is almost no 
variation rate of contact formation section 322 the very thing, and there is also no fear, such as generating of the crack of the 
contact formation section 322 and destruction. 

[0065] Furthermore, by having formed the contact formation section 322 in the location which counters the free passage 
section 14, compliance almost dies and can use the pressure by the piezoelectric device 300 effective in the ink regurgitation. 
[0066] However, although it is easy to concentrate stress on a boundary part with the both ends of the Read section 321 , a 
mechanical component 320, and the contact formation section 322. especially in order to prevent generating of the crack In 
this part etc. further, you may make it take the configuration of drawing 7 - drawing 9 . 

[0067] That is, as shown in drawing 7 , although patterning of the upper electrode layer 80 is carried out so that it may 
correspond to the configuration of the pressure generating room 12, the narrow section 13, and the free passage section 14 
mostly as mentioned above, the piezo electric crystal film 70 may carry out patterning also of the part which counters the 
narrow section 13 to the same width of face as the pari which counters the pressure generating room 12 and the free 
passage section 14. If it does in this way, since it comes to cover outside ink passage in the part of the narrow section 13, 
the crack in a boundary with the part which counters the pressure generating room 12 and the free passage section 14 will 
stop being able to generate the piezo electric crystal film 70 further easily. 

[0068] Moreover, as shown in drawing 8 , the rim section 323 which is a boundary part with the Read section 321 of the 
piezo electric crystal film 70 and the upper electrode layer 80, a mechanical component 320, and the contact fonnatlon 
section 322 may be made into R configuration. If it does In this way, It will further be hard coming to generate the crack In the 
boundary section. 

[0069] Furthermore, in the free passage section 14 currently separately formed with the operation gestalt mentioned above 

corresponding to each pressure generating room 12, as shown in drawing 9 , it is good also as common free passage 

section 14A. In this case, since the restraint of the contact formation section 322 decreases, vibration can be suppressed 

further, and it Is further hard coming to generate the crack in a boundary with the Read section 321 etc. 

[0070] In addition, it cannot be overemphasized that you may use combining the configuration of drawing 7 - drawing 9 

suitably. 
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[0071] (Other operation gestalten) Although 1 operation gestalt of this invention was explained above, the fundamental 
configuration of an ink jet type recording head is not limited to what was mentioned above. 
[0072] For example, it is good also considering the common ink room formation plate 30 besides the closure plate 20 
mentioned above as a product made from crystallized glass, and it is still better also as a product made from crystallized 
glass, using a thin wall 41 as another member, and modification of an ingredient, structure, etc. is free. 
[0073] Moreover, with the operation gestalt mentioned above, although the nozzle orifice 1 1 is formed in the end face of the 
passage formation substrate 10, nozzle opening which projects in the direction perpendicular to a field may be formed. 
[0074] Thus, it is ************ to drawing 1 1 about the cross section of drawing 10 and its passage in the decomposition 
perspective view of the constituted operation gestalt. With this operation gestalt, a nozzle orifice 1 1 is drilled by the nozzle 
substrate 120 opposite to a piezoelectric device, and the nozzle free passage opening 22 which opens these nozzle orifices 
1 1 and the pressure generating room 12 for free passage is arranged so that the closure plate 20, the common ink room 
formation plate 30, light-gage plate 41 A, and ink room side plate 40A may be penetrated. 

[0075] In addition, it is the same as that of the operation gestalt fundamentally mentioned above except this operation gestalt 
having, used light-gage plate 41 A and ink room side plate 40A as another member in addition to this, and having formed 
opening 40b in ink room side plate 40A, and the explanation which gives the same sign to the same member and overlaps Is 
omitted. 

[0076] Here, also in this operation gestalt, aperture 90a of the insulator layer 90 is formed in the location which counters the 
free passage section 14, and the connection with the Read electrode 100 is formed through this aperture 90a. Therefore, 
since a connection with the Read electrode 100 is not formed in the field which counters the pressure generating room 12, 
the same effectiveness as the operation gestalt mentioned above is done so. 

[0077] Moreover, although each operation gestalt explained above made the example the ink jet type recording head of the 
thin film mold which can be manufactured by applying membrane formation and a lithography process Not the thing limited to 
this, of course but the thing which carries out the laminating of the substrate and forms a pressure generating room, Or this 
invention is employable as the ink jet type recording head of various kinds of structures, such as a thing which forms the 
piezo electric crystal film for a green sheet by pasting or screen-stencil, or a thing which forms the piezo electric crystal film 
with crystal growth. 

[0078] Moreover, although the example which prepared the insulator layer between the piezoelectric device and the Read 
electrode was explained, it is good also as a configuration which carries out heat welding of the anisotropy electric 
conduction film, connects the Read electrode or, in addition to this, connects this anisotropy electric conduction film to each 
up electrode using various bonding techniques, such as wirebonding, without not being limited to this, for example, preparing 
an insulator layer. 

[0079] Thus, this invention is applicable to the Inkjet type recording head of various structures, unless it can do the 
effectiveness of this invention so and is contrary to the meaning by preparing the connection of a piezoelectric device and 
the Read electrode in the passage which is open for free passage in a pressure generating room, and the field which 
counters anyway out of the field which counters a pressure generating room. 

[0080] Moreover, the ink jet type recording head of each [ these ] operation gestalt constitutes a part of recording head unit 
possessing an ink cartridge etc. and ink passage open for free passage, and is carried in an ink jet type recording device. 
Drawing 12 is the schematic diagram showing an example of the ink jet type recording device. 

[0081] As shown in drawing 12 , the carriage 3 which was formed removable and carried these recording head units 1 A and 
IB is formed free [ shaft-orientations migration on the carriage shaft 5 with which cartridge 2A and 2B from which the 
recording head units 1 A and 1 8 which have an ink jet type recording head constitute an ink supply means were attached in 
the body 4 of equipment ]. These recording head units 1A and IB shall carry out the regurgitation of a black ink constituent 
and the color ink constituent, respectively, for example. 

[0082] And the carriage 3 which carried the recording head units 1 A and 1 B is moved in accordance with the carriage shaft 5 
by being transmitted to carriage 3 through two or more gearings and timing belts 7 which the driving force of a drive motor 6 
does not illustrate. On the other hand, in accordance with the carriage shaft 5, the platen 8 is fomied in the body 4 of 
equipment, and record sheet S which is record media, such as paper to which paper was fed with the feed roller which is not 
illustrated, winds around a platen 8, is hung, and is conveyed. 
[0083] 

[Effect of the Invention] The amount of displacement of an electrostrictive actuator can be enlarged by preparing the 
connection of the Read electrode for impressing an electrical potential difference to a piezoelectric device, and the 
piezoelectric device concemed in this invention in addition to the field which counters a pressure generating room, as 



9 



explained above. Consequently, the excluded volume in a pressure generating room becomes large, and since a connection 
does not exist in the field which counters a pressure generating room, the effectiveness that there is no fear, such as a crack 
by drive and destruction, is done so. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the decomposition perspective view of the ink jet type recording head concerning the operation gestalt 1 of 
this invention. 

[Drawinc 2] It is drawing showing the ink jet type recording head conceming the operation gestalt 1 of this invention, and is 
the top view and sectional view of drawing 1 , 

[Drawing 3] It is drawing showing the modification of the closure plate of drawing 1 . 

[Drawing 4] It is drawing showing the thin-film-fabrication process of the operation gestalt 1 of this invention. 

[Drawing 5] It is drawing showing the thin-film-fabrication process of the operation gestalt 1 of this invention. 

[Drawing 6] It is the top view showing the important section of the operation gestalt 1 of this invention. 

[Drawing 7] It is the important section top view showing the modification of the operation gestalt 1 of this invention. 

[Drawing 8] It is the important section top view showing the modification of the operation gestalt 1 of this invention. 

[Drawing 9] It is the important section top view showing the modification of the operation gestalt 1 of this invention. 

[Drawing 10] It is the decomposition perspective view of the ink jet type recording head concerning other operation gestalten 

of this invention. 

[Drawing 11] It is the sectional view showing the ink jet type recording head concerning other operation gestalten of this 
invention. 

[Drawing 12] It is the perspective view showing the outline of the ink jet type recording device concerning 1 operation gestalt 
of this invention. 
[Description of Notations] 

10 Passage Formation Substrate 

1 1 Nozzle Orifice 

12 Pressure Generating Room 

13 Narrow Section 

14 Free Passage Section 
50 Elastic Membrane 

60 Bottom Electrode Layer 
70 Piezo Electric Crystal Film 
80 Upper Electrode Layer 
90 Insulator Layer 
90a Contact hole 
100 Lead Electrode 
300 Piezoelectric Device 
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■r\ »tC. aSttH 7 0 i: LT P Z T ^fflC^fcli^tC 

p b ooffi»(c J:53lm14oDS^k!!J«^!^*t^c ti^m 

[0 0 5 31 ?5?tc. 114 (c) iZTjkr^'ylc. Emu 

tstLTYMt L> e icBjaT-Mfier « d t T-^a^fk 
%i6^e*«jE®«:iS7o«?#«. utoi^sv^yiz-y/i/aE 

'Jl\^Z3 ( P Z T ) JScDWit^AM h ^IB 

[0 0 5 4] mc, 114 (d) lOT^-rJ:3lC. ±m@)is 
«n(#«fc<. AK Au. Ni^ Pt^(D^<O^B 

[0 0 5 51 ;mc, 114 (e) irs^fcfc-ptc. SlE^SI 

±m«iflS8 o*s<tifiimBS7 o<D/\°5^-:I>'^*^^^T 

5„ 04 (e) Tliffimfls:SS7 0€'±m^^8 Otl^- 
OZ N'^f - >T/ - - > y ^^T-:? LTt^5 
±SELfcd:dtCs JEIH*:IS7 0«i&-rLt,/'f^f-^ 

>"?■^^T3i^^|g^*%l^ ctit*. ±^^^8 oo/x'^i- 
n<o±'mmm8 o ts f^mmmvso^T^ame oto) 

l^/i:46T'2fe«o L6^L^*'«6. JI<7)«^tCli. m-(Om 
46. BE®**:K7 0t,/t^i-:^>yr%<D««»*Lt^ ^ 

[0 0 5 61 :^ct>Z^s 115 (a) (cS^f J:-5lc. ±1iffi 

8S 8 0 (omm^is<t:rfE.mi^m7 o <Dmm^m=> <t:o{z 
mmwm 9 o ^mmr^, c (oinmwm 9 o ©sjiisw 

[0 0 5 7] ms (b) (c^fctac:. 



9 0^/\°^-i:>-5^-r5ili:lcJ:t). ^SafflJi 4lc« 
iRlfSSP^^tcSQ 0 a*fl$fiE-r«, c:©,«9 0al*, « 

at-s 'J - K«ffi 1 0 0 t±mffiig 80 1 o«jsi«^-r « 

[0 0 5 8] '-nz. mX\,t. C r-Au^^ro^m^ 
KIEffil 0 0«}^figr«. 

[0 0 5 9] J.X±)!)'«l®JKfi2rP-tXT'fei.<, iI(0J:5lC 
LTi3i^K^!g«^7ofc^. 115 (c) lc5^rJ:-5(c, bOxE 
Ltcy)VtiV >g5Rtc J: « -> y =1 >*i^aSS«>S^14x 

«i 0^. i*±ifi2o. nm-c><7mmmm'&3o. is 

'Jay hfCIBifN-y Kiif^o 
[0 0 6 0] CCDcfc^lC^g^Lfc-f V^'v^x-y h^-y K 
ll/T^L%l^na5'r>-j7©t!|!g^gi<i:«JiSL/j:'f>^7SI 

AP4 26^6'f x^^isyaa', nm^x^ms 1 
mm^ o o^i^LZTmmme o i:±mmma o t<om 

IcmE^EPfiD U 3*141^5 0. T1i«iM6 0Slf:fem 

[006 1] C CT\ 2t!:|IBIIJf^«fC*5lt?) U - Km«i 1 
0 0t±^fliJg8 0<!:<DSJISgSTS«=l>^^ t-gPtffi 
ts9im.m. 1 2 i:0iSMBII«R«ll 6 iZmTo 

[0 0 6 2] E16lc^-rJ:5lc. *SI)SSJKffiT«. fffS 

^--Xfi^nris^j. sjEa*?3oo«. n^^ae 

^1 2±lCffiB-r«|gW)gB3 2 0i:. Ji^KglSI 3±lctil 

ar^';-Kse3 2 1 i:. Siissi 4±icttH-r53> 

^<7hJKfiKgP3 2 2i:*§a^, zi>^»^^ hmmSPS 2 2 

±lCl!fe^^t:S 9 0 03^ 9 0 a 6^m^;*-n> C (D,^ 9 0 a 

F«3TU-Kigffii 0 0 (tffigsurtiTi^s. r^ctj-s. y 
- FWffil 0 ot<o«»S9J«jB^r«=j>^'^' hmsKas 

3 2 2#JEE:tl3«^^l 2tC3*|^L*t^ajlgm 4tC3*lRj 
[0 0 6 3] St^T. ff^5§^Sl 2 tc3^(^-r ^CEBt:: 

»y-Kii«ii 0 0 i:a)l^8^g|5*'«^K^*^^*t^T^ a* 
5igs^i 2tcaji-r553iiK<i:J>tip)-r5^^icm^?nT 

1^«©T\ ISmWtCx ffi^flSESl 2lc3stt5-r5IBi!)gP 
3 2 0 iD^««** < * y , 1 2 T?fl)fifKJf* 



(7) 
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[0064] V - 1 0 0 t<r>mm&^mm 

gPI 4lC«|ft-r5ttMttmfi8*tlTl^*<0T\ HV^i^ 

[0 0 6 5] *6tc:. UV^-? hmfiKSPS 2 2«iiag|J 
lJi/u^35:<^y. Effi^T3 0 0lcJ:5ffi^*'f>'^7 

[0 0 6 6] L*^L&««e^ 1#»C, 'J-KSP3 2 lOffi 

4flBi:IEibgP3 2 0fcJ:t;riV'SJ-5' h^fiKSPS 2 2i:<D^ 

</^(Dm^^-$e>izm±r^tct(>it. 07-121 9 ©«5fi8 

[0 0 6 7] ■r^t)■6^ Ii!7lc5^-rj:^lc. ±ffifiBBi8 
01*. ±a?LfcJ:-5lt. ff^5l^^1 2 s IKISgiSI 3t5 

^r^t\ EEmwmyoit. siepsspi 3 iC)i>tiRi-r5gB» 

'fcff^^SMi 2*iJ:tfS)ig|Ji 4lc3>H6]-r5SP5*<!:l^ 

ffmf*/iS7ot*. »iisgi5i srogp^T'-rv-^ssKi^^T' 

S3J:3fc^5<^T\ JI:'3^^^i 2fc'J:t;aaSPi 4 

[0 0 6 8] ^tc. msic^stJ^oiz. E.mwm7o^ 
^xf±'mmm6 0(Dv- Ka53 2 1 tmmsas 2 0 jsj: 

rfzlV-SJ'? hfBfi)Ga53 2 2 t<DlS5?a5^JT'^5^!!iig|5 3 
2 3«RmWcLTtJ:ts COJ:-5»c-r«<!:. «Sgp 
T-a)-? ^ 3b^? 6 lc^£ Llt< 
[0 0 6 9] ±aiL/cllfiSm«IT-§JI^5ig^S 
1 2tcmLTS'J-«?lcmfig*nTl^«ailSP1 45. 0 
9tC/T^-rj;eic. *^il<Dg|jlgpi 4 A<!:LT'fc«fct\ c 
CD«^. =] > •S' -57 h Jgfijigp 3 2 2 (Di6)S:^««iS;JS-r « 
«6jlll5Mita]?l«iIt3b'«T'*. ij- KgB3 2 1 i(D« 

[00701 0 7 ~Egi 9 ro;^^5®i:«*'^t>-a- 
[007 1] m<ommmm jx±s ^sk^ 

[0 0 7 2] midf. ±a?LfcS*±*g2 0<DflS. 
>^SJefiK«3 05«-^X-b^c 'y^XiSi: LTtxfc 
<. a-6lc«. »P^S4 1 5mM<i:LT:«"^X-b7S 

«. 

[0 0 7 3] ^fc. ±3zEL/c^SfimftBT«s /XlVf^U 
1 1 «affi«jefi2fi*5 1 OCD4gffitcmfiKLTl^S6\ ®lc 

[0074] c:<DJ:-p ictifig LfcllJ!i(gm«O»(5?*4^I0 

«Eii Os -^-ajSit^iOBTS^Ei 1 1 ic^n-Ftig^-To c 



yx;usisi 2 0ics!is*ns cnsyxyuwipi 1 1. 
m-h^'M 1 2 t^^ii-rsy X;UjiiiP 2 2 »± 

*g2 0, «ii-1'>"5'^m^l5 3 0 33J:tf»p^tg4 1 At> 
[0 0 7 5] ^*>\ *SISSJK8S«. -troflfis »P9«4 1 

Ai:-i'>"?sffiij«4 0Ai:5gygp**i:L. ^y<7mmm 
[0 0 7 6] ccT', ^:«)llfiS^e®^c^3c^Tt,^ Jfelif* 

JB 9 0 9 0 a »s iiiiSP 1 4 (Cj^fR]^ ^i(^S(cm^ 
c:<©^ 9 0 a 5^ LT U - 1 0 0 tOitSU 

s^aeict* u - Fii@ 1 0 0 iKDmrn^t'^mm^nnai'^ 
[0 0 7 7] ^fc. i>x±mmLn:^mmmmii. fi£ss*j 

U y 7 < y p -bz ^tSfflf 5 d t ic J: t» SiST- 

ii^m^-r^t,^. mti^&0Sim[zj:*jKmwm^m^ 

[0 0 7 81 $fc, JE«^?<i:';-Kffi®<!:cOP^tc$6JgS 

it. $6ii^^*Jl=&s^t^t^T^ ^±nmizm:^i±mmm^ 
[0 0 7 9] c:©J:3lc. ^sinicLT^s 

[0 0 8 01 $fc> zm^mmmmcD^x^i/ji'y [• 
mEm^y hit. '<><7ti- h u -yy^taa-rs-f > 

-^SSK^Sffll-rsiBS^-y KrL->y ha)-g?««fiEL 

T. -r><7>?i.y hscfB®ii§(cme*n^„ eii 2 

[0 08 11 El 2lc5x-rJ:a»::s 'Tv^^i^x-vh^ 
^'N-y F^^^fSIBiS'N'y KlL--y h 1 ARtf 1 Bt*. 

mimmitmi-'sn. zLa^tEm^'y Ka--y k i Astf 

1 B L/c* v 'J -y •/ 3 1*. ^m^W 4 iclX y ftftt 
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CCOiZm^-y h^ZL-y h 1 ASl?1 Bit. mpiu. 
[0 0 8 2] ^LTx |gi!)^— 5»6(0|gSi:^»T^L^ 

If 1 B Lr£+-\' 'J "J 'J 3 (±ii A* u s tcTe^ 
Ti^l&zrnSo ^M*ft4ic»++'j-yi>-|i!i5t;: 
7tt-3Ty^7'>8««istt6nT*>y» 0^Lst^$&^£E□ 

- h s i-^y^T^v 8 lc@*»it StiTJUiil* ti* J: 3 tc 

[0 0 8 31 

[02] :$i^0E<DmmBm^^zm^■<><7Z^:Iiy hfCIB 
[03] El <Dfet±«cDSI^15y«5^-rBIT*iS«o 

[04] :^^BB<f)$m&m-i(ommmmTm^^rmT 



[06] 




[0 5 ] :$i9iB^<Dmmm ^ <DmmmkT.m^mrmv 

[06] *«q§<Dll«5mSS 1 <DSS|J«^-r¥®0T'26 

[0 7 ] :^mm<omtmm i a>sm0ij%/7'rssi:7S0 
[08] t^^^f^o)mtmf&^ (ommm^Tjirm^vmm 

[09] :«:fil^(^llfiiEJB^ 1 (7)^«y^/^-rSSi!7S0 
[01 0] *5§B^CDfte<7)||fi«5m«SlC«g«<>^'-:^x-y h 

mEm^y Kfo»»m0T'«^, 

[01 2] *SIB^(D-ll«iJK«llc««'f>^'-:^iy 

iB®s«ro«iPS^m-r$4*S0T'fe5, 
[iJ^osiW] 

I 0 >JilSSmfiES« 

I I yximn 
1 2 Kttm^m. 
1 3 missp 

1 4 SiiSI! 

5 0 

6 0 T'smm 

7 0 

8 0 ±^:^ 

9 0 mmm 

90 a □V^f'^h*— yl/ 

1 0 0 '>>-Km«i 

3 0 0 £Em^^- 

[07] 




300 



SCO 




(d) 



60 
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